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Standard Practice for

Design and Installation of Ground Water Monitoring Wells™

This standard is issued under the fixed designation D 5092; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

¢! Note—Editorial changes were made throughout in June 2004.

1. Scope

1.1 This practice describes a methodology for designing and
installing conventional (screened and filter-packed) ground-
water monitoring wells suitable for formations ranging from
unconsolidated aquifers (i.e., sands and gravels) to granular
materials having grain-size distributions with up to 50 %
passing a #200 sieve and as much as 20 % clay-sized material
(i.e., silty fine sands with some clay). Formations finer than this
(ie., silts, clays, silty clays, clayey silts) should not be
monitored using conventional monitoring wells, as representa-
tive ground-water samples, free of artifactual turbidity, cannot
be assured using currently available technology. Alternative
monitoring technologies (not described in this practice) should
be used in these formations

1.2 The recommended monitoring well design and installa-
tion procedures presented in this practice are based on the
assumption that the objectives of the program are to obtain
representative ground-water samples and other representative
ground-water data from a targeted zome of interest in the
subsurface defined by site characterization.

1.3 This practice, in combination with proper well develop-
ment (D 5521), proper ground-water sampling procedures
(D 4448), and proper well maintenance and rehabilitation
(D 5978), will permit acquisition of ground-water samples free
of artifactual turbidity, eliminate siltation of wells between
sampling events, and permit acquisition of accurate ground-
water levels and hydraulic conductivity test data from the zone
screened by the well. For wells installed in fine-grained
formation materials (up to 50 % passing a #200 sieve), it is
generally necessary to use low-flow purging and sampling
techniques (D 6771) in combination with proper well design to
collect turbidity-free samples. -

1.4 This practice applies primarily to well design and
installation methods used in drilled boreholes. Other Standards,
including Guide D 6724 and Practice D 6725, cover installa-
tion of monitoring wells using direct-push methods.

! This practice is under the jurisdiction of ASTM Committee D18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.21 on Ground Water and
Vadose Zone Investigations.

Current edition approved Jan. 1, 2004. Published March 2004. Originally
approved in 1990, Last previous edition approved in 2002 as D 5092 — 02.
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1.5 The values stated in inch-pound units are to be regarge §
as standard. The values in parentheses are for informatiop onfy E

1.6 This standard does not purport to address qi] of lh(
safety concerns, if any, associated with its use. It jg Ik
responsibility of the user of this standard to establish appre &
priate safety and health practices and determine the applic &
bility of regulatory limitations prior to use. -

1.7 This practice offers a set of instructions for performiy &
one or more specific operations. This document cannos replag §
education or experience and should be used in conjunciy,
with professional judgment. Nat all aspects of this practice g
be applicable in all circumstances. This ASTM standard is py
intended 10 represent or replace the standard of care by whig
the adequacy of a given professional service must be Judged
nor should this document be applied without considerationg §
a project’s many unique aspects. The word “Standard” in &
title of this document means only that the document has bew &
approved through the ASTM consensus process. i

2. Referenced Documents

2.1 ASTM Standards: 2
C 150 Specification for Portland Cement
C 294 Descriptive Nomenclature of Constituents of Naturi |
Mineral Aggregates »
D 421 Practice for Dry Preparation of Soil Samples frf
Particle Size Analysis and Determination of Soil Constans §
D 422 Test Method for Particle Size Analysis of Soils
D 653 Terminology Relating to Soil, Rock, and Contained
Fluids , 1
D 1452 Practice for Soil Investigation and Sampling by
Auger Borings ‘
D 1586 Method for Penetration Test and Split-Barrel Sar
pling of Soils ',
D 1587 Practice for Thin-Walled Tube Sampling of Soifs |
D 2113 Practice for Rock Core Drilling and Sampling o
Rock for Site Investigation
D 2217 Practice for Wet Preparation of Soil Samples for
Particle Size Analysis and Determination of Soil Constal }

2 For referenced ASTM standards, visit the ASTM website, www.astm.org: ¢
contact ASTM Customer Service at service@astm.org. For Annual Book of A%
Standards volume information, refer to the standard’s Document Summary P ®
the ASTM website.
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D 2487 Practice for Classification of Soils for Engineering
1;urposes (Unified Soil Classification System)

p 2488 practice for Description and Identification of Soils
(;flsual-Manual Procedure)

D 3282 Practice for Classification of Soils and Soil Aggre-
gate Mixtures for Highway Construction Purposes

p 3441 Test Method for Deep, Quasi-Static, Cone and
Friction Cone Penetration Tests of Soil

D 3550 Practice for Ring Lined Barrel Sampling of Soils

D 4220 Practice for Preserving and Transporting Soil
Samples

D 4700 Guide for Soil Sampling from the Vadose Zone

D 4750 Test Method for Determining Subsurface Liquid

N face Water-
D5783 Gy

E dter-Based Drilling Fluid for Geoenvironmental Explo-

Levels in a Borehole Or onitoring Well (Observation

D 5875 Guide for the Use of Cable Tool Drilling and
Sampling Methods for Geoenvironmental Exploration and
Installation of Subsurface Water-Quality Monitoring De-
vices -

D 5876 Guide for the Use of Direct Rotary Wireline Casing

. Advancement Drilling Methods for Geoenvironmental
Exploration and the Installation of Subsurface Water-
Quality Monitoring Devices

D 5978 Guide for Maintenance and Rehabilitation of
Ground-Water Monitoring Wells

D 5979 Guide for Conceptualization and Characterization
of Ground-Water Systems

D 6001 Guide for Direct-Push Water Sampling for Geoen-
vironmental Investigations

Sl

Well)

D 5079 Practices for Preserving and Transporting Rock
Core Samples

D 5088 Practice for Decontamination of Field Equipment
Used at Nonradioactive Waste Sites

D 5254 Practice for Minimum Set of Data Elements to
Identify a Ground-Water Site

D 5299 Guide for Decommissioning of Ground-Water
Wells, Vadose Zone Monitoring Devices, Boreholes, and
Other Devices for Environmental Activities

D 5434 Guide for Field Logging of Subsurface Explora-
tions of Soil and Rock

D 5518 Guide for Acquisition of File Aerial Photography
and Imagery for Establishing Historic Site Use and Surfi-
cial Conditions

D 5521 Guide for Development of Ground-Water Monitor-
ing Wells in Granular Aquifers

D 5608 Practice for Decontamination of Field Equipment
Used at Low-Level Radioactive Waste Sites

D 5730 Guide to Site Characterization for Environmental

~* Purposes with Emphasis on Soil, Rock, the Vadose Zone,

and Ground Water

D 5753 Guide for Planning and Conducting Borehole Geo-
physical Logging -

-D5777 Guide for Using the Seismic Refraction Method for

Subsurface Investigation

D57.8¥ Guide for Use of Dual-Wall Reverse-Circulation
I_)nlhng for Geoenvironmental Exploration and Installa-
ton of Subsurface Water-Quality Monitoring Devices

“D5782 Guide for Use of Direct Air-Rotary Drilling for

Geoenvironmental Exploration and Installation of Subsur-
Quality Monitoring Devices
de for Use of Direct Rotary Drilling with

falion and Installation of Subsurface Water-Quality Moni-

=+ toring Deviceg

) \Zg:mgmde for Use pf Hollow Stem Augers for Geoen-
Water, ntal Exploration and Installation of Subsurface
7r Quality Monitoring Devices
) Iggctice for Monitoring Well Protection
Methg, ds“;de for the Use of Casing Advancement Drilling
tion of or Geoenvironmental Exploration and Installa-
, ubsurface Water-Quality Monitoring Devices
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D 6067 Guide for Using the Electronic Cone Penetrometer
for Environmental Site Characterization

D 6167 Guide for Conducting Borehole Geophysical Log-
ging :

D 6169 Guide to the Selection of Soil and Rock Sampling
Devices Used With Drilling Rigs for Environmental In-
vestigations

D 6235 Practice for Expedited Site Characterization of
Vadose Zone and Ground-Water Contamination at Hazard-
ous Waste Contaminated Sites

D 6274 Guide for Conducting Borehole Geophysical
Logging—Gamma

D 6282 Guidé for Direct-Push Soil Sampling for Environ-
mental Site Characterization

D 6286 Guide to the Selection of Drilling Methods for
Environmental Site Characterization

D 6429 Guide for Selecting Surface Geophysical Methods

D 6430 Guide for Using the Gravity Method for Subsurface
Investigation

D 6431 Guide for Using the Direct Current Resistivity
Method for Subsurface Investigation

D 6432 Guide for Using the Surface Ground Penetrating
Radar Method for Subsurface Investigation

D 6519 Practice for Sampling of Soil Using the Hydrauli-
cally Operated Stationary Piston Sampler

D 6639 Guide for Using the Frequency Domain Electro-
magnetic Method for Subsurface Investigations

D 6640 Guide for Collection and Handling of Soils Ob-
tained in Core Barrel Samplers for Environmental Inves-
tigations

D 6724 Guide for the Installation of Direct-Push Ground-
Water Monitoring Wells

D 6725 Practice for the Installation of Prepacked Screen
Monitoring Wells in Unconsolidated Aquifers

D 6771 Practice for Low-Flow Purging and Sampling for
Wells and Devices Used for Ground-Water Quality Inves-
tigations

F 480 Specification for Thermoplastic Well Casing and
Couplings Made in Standard Dimension Ratios (SDR),
Schedule 40 and Schedule 80

3. Terminology

3.1 Definitions:
3.1.1 annular space; annulus—the space between two con-

centric strings of casing, or between the casing and the

il g
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borehole wall. This includes the space(s) between multiple
strings of casing in a borehole installed either concentrically or
adjacent to one another.

3.1.2 artifactual turbidity—particulate matter that is not
naturally mobile in the ground-water system and that is
produced in some way by the ground-water sampling process.
May consist of particles introduced to the subsurface during
drilling or well construction, sheared from the target monitor-
ing zone during pumping or bailing the well, or produced by
exposure of ground water to atmospheric conditions.

itorine—an-investigative monitoring

3.1.15 detection monitoring—a program of monitog, ;
the express purpose of determining whether or not they,
been a contaminant release to ground water. hﬁ

3.1.16 d-10—the diameter of a soil particle (Pfeferam'v ?
mm) at which 10 % by weight (dry) of the particleg zfm :
particular sample are finer. Synonymous with the effective i
or effective grain size. , o

3.1.17 d-60—the diameter of a soil particle (preferably'.
mm) at which 60 % by weight (dry) of the particleg ofm
particular sample are finer. o

3 1.18 flush joint or flush coupled—casing or riser with eﬁ -

" colu

tion

e that

fse

program that is initiated after the presence of a contaminant in
ground water has been detected. The objective of this program
is to determine the concentration of constituents that have
contaminated the ground water and to quantify the rate and
extent of migration of these constituents.

3.1.4 ballast—materials used to provide stability to 2 buoy-
ant object (such as casing within a water-filled borehole).

3.1.5 borehole—an open or uncased subsurface hole, gen-
erally circular in plan view, created by drilling.

3.1.6 borehole log—the record of geologic units penetrated,
drilling progress, depth, water level, sample recovery, volumes,
and types of materials used, and other significant facts regard-
ing the drilling and/or installation of an exploratory borehole or
well.

3.1.7 bridge—an obstruction within' the annulus that may
prevent circulation or proper placement of annular fill materi-
als.

3.1.8 casing—pipe, finished in sections with either threaded
connections or beveled edges to be field welded, which is
installed temporarily or permanently either to counteract cav-
ing, to advance the borehole, or to isolate the zone being
monitored, or any combination of these.

3.1.9 casing, protective—a section of larger diameter pipe
that is placed over the upper end of a smaller diameter
monitoring well riser or casing to provide structural protection
to the well, to prevent damage to the well, and to restrict
unauthorized access into the well.

3.1.10 casing, surface—pipe used to stabilize a borehole
near the surface during the drilling of a borehole. that may be
left in place or removed once drilling is completed.

3.1.11 caving; sloughing—the inflow of unconsolidated ma-
terial into a borehole that occurs when the borehole walls lose
their cohesiveness.

3.1.12 cement—commonly known as Portland cement. A
mixture that consists of calcareous, argillaceous, or other
silica-, alumina-, and iron-oxide-bearing materials that is
manufactured and formulated to produce various types which
are defined in Specification C 150. Portland cement is consid~
ered a hydraulic cement because it must be mixed with water
to form a cement-water paste that has the ability to harden and
develop strength even if cured under water.

3.1.13 centralizer—a device that assists in the centering of
a casing or riser within a borehole or another casing.

3.1.14 confining unit—a body of relatively low hydraulic
conductivity formation material stratigraphically adjacent 0
one or more aquifers. Synonymous with “aquiclude,” aqui-
tard,” and “aquifuge.”

threaded such that a consistent inside and outside diameteﬁ '
maintained across the threaded joints or couplings.
3.1.19 gravel pack—common term used to refer o lhz 3
primary filter pack of a well (see primary filter pack).
3.1.20 grout (monitoring wells)—a low-permeability my. |
rial placed in the annulus between the well casing or risera £
the borehole wall (in a single-cased monitoring well), g
between the riser and casing (in a multi-cased monitoriy, &
well), to prevent movement of ground water or surface waly £
within the annular space.

3.1.21 hydrologic unit—geologic strata that can be distiy

guished on the basis of capacity to yield and transmit fluids ]
Aquifers and confining units are types of hydrologic i }
Boundaries of a hydrologic unit may not necessarily com
spond either laterally or vertically to lithostratigraphic fom &
tions. 1
3.1.22 multi-cased well—a well constructed by using suc
cessively smaller diameter casings with depth.
3.1.23 neat cement—a mixture of Portland cement (Speci- |
fication C 150) and water. ’
3.1.24 packer (monitoring wells)—a transient or dedicated §
device placed in a well that isolates or seals a portion of the {
well, annulus, or borehole at a specific level.
3.1.25 piezometer—a small-diameter well with a very shot
screen that is used to measure changes in hydraulic head {
usually in response to pumping a nearby well. Synonymous
with observation well. ',
3.1.26 primary filter pack—a clean silica sand or sand and
gravel mixture of selected grain size and gradation that i §
installed in the annular space between the borehole wall and §
the well screen, extending an appropriate distance above t }
screen, for the purpose of retaining and stabilizing the particles
from the adjacent formation(s). The term is used in place o
gravel pack. ’
3.1.27 PTFE tape—ijoint sealing tape composed of polytet
rafluoroethylene. '
3.1.28 riser—the pipe or well casing extending from the £
well screen to just above or below the ground surface. '
3.129 secondary filter pack—a clean, uniformly
sand that is.placed in the annulus between the primary ﬁ].ter '
pack and the overlying seal, or between the seal and overlyint
grout backfill, or both, to prevent intrusion of the seal or g% §
or both, into the primary filter pack.
3.1.30 sediment sump—a blank extension of pipe Of el
casing, closed at the bottom, bencath the well screen-used © ¢
collect fine-grained material from the filter pack and adjace® |

graded ,
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ormation materials during the process of well development.

s with rat trap or tail pipe.

yponymou . .
5,3 131 single-cased well—a monitoring well constructed
waﬂ; a riser but without an exterior casing.

3.1.32 static water level—the elevation of the top of a
o of water in 2 monitoring well or piezometer that is not

umn
col by pumping or conditions related to well installa-

influenced :
tion, OF hydraulic testing.
©3.1.33 tamper—2 heavy cylindrical metal section of tubing
(hat is operated on 2 wire rope or cable. It either slips over the
ieer and fits inside the casing or borehole annulus, or fits
petween the riser and annulus. It is generally used to tamp
ar sealants or filter pack materials into place and to

prevent bridging or break bri e-annul
space.

3.1.34 target monitoring zone—the ground-water flow path
from a particular area or facility in which monitoring wells will
be screened. The target monitoring zone should be an interval
in subsurface materials in which there is a reasonable expec-
ution that a monitoring well will intercept ground water
moving beneath an area or facility and any migrating contami-
pants that may be present.

3.1.35 tremie pipe—a small-diameter pipe or tube that is
used to transport filter pack materials and annular seal materi-
sls from the ground surface into an annular space.

3.1.36 uniformity coefficient—the ratio of d-60/d-10, where
d-60 and d-10 are particle diameters corresponding to 60 %
and 10 % finer on the cumulative particle size curve, respec-
tively.

* 3.1.37 uniformly graded—a quantitative definition of the
. particle size distribution of a soil that consists of a majority of
; particles being of approximately the same diameter. A granular
. material is considered uniformly graded when the uniformity
- coefficient is less than about five (Test Method D 2487).
. Comparable to the geologic term well sorted.
S 3.1.38 vented cap—a cap with a small hole that is installed
. on top of the riser.
dﬁ%éf?m‘:igp hole—.a Smal.l-diameter hole (usually Y4 in.)
s 1o 2 e protective casing above the ground surface that
L ain out wate.r that may enter the annulus between
e 3ﬂSj¢l‘ and the protective casing.
the ;ed{gﬂ swgél comlpl‘etion difzgram—a record that illustrates
C 314 we”a well mstallatllon.
| natiral filier :Cg?en—-—a dev1ce.use'd to r.etain the primary or

2 uniform wiﬁ tﬁ ; l{suall)_/ a cylindrical pipe with openings of
ok , Orientation, and spacing.

.4 Significance and Use

Wﬂén?: :hgﬁ\ctlce for the design and installation of ground-
site geolcr,lg' v:lls will promote (1) efficient and effective
Structioil-c cci:haracten.zailt_lon; (2) durable and reliable
uality sa,manl (3) acquisition of representative ground-
ivity testin p;s, ground-water levels, and hydraulic
7 t”rﬁingmata from monitoring wells. The practices

Sie-specific e E;ffegted by governmental regulations

ographical geological, hydrogeological, climatologi-
» and subsurface geochemical conditions. To

s

eoenvi
geoenvironmental challenges, this practice pro-

motes the development of a conceptual hydrogeologic model
prior to monitoring well design and installation.

4.2 A properly designed and installed ground water moni-
toring well provides essential information on one or more of
the following subjects:

4.2.1 Formation geologic and hydraulic properties;

4.2.2 Potentiometric surface of a particular hydrologic
unit(s);

4.2.3 Water quality with respect to various indicator param-

eters; and ‘
4.2.4 Water chemistry with respect to a contaminant release.

5. Site Characterization
5.1 General—A thorough knowledge of site-specific
logic, hydrologic and geoche i onditions is necessa:
properly apply the monitoring well design and installation
procedures contained within this practice. Development of a
conceptual site model, that identifies potential flow paths and
‘the target monitoring zone(s), and generates a 3-D picture of
contaminant distribution and contaminant movement path-
ways, is recommended prior to monitoring well design and
installation. Development of the conceptual site model is
accomplished in two phases -- an initial reconnaissance, after
which a preliminary conceptual model is created, and a field
investigation, after which a revised conceptual model is for-
mulated. When the hydrogeology of a project area is relatively
uncomplicated and well documented in the literature, the initial
reconnaissance may provide sufficient information to identify
flow paths and the target monitoring zone(s). However, where
limited or no background data are available or where the
geology is complex, a field investigation will be required to
develop the necessary conceptual site model.

5.2 Initial Reconnaissance of Project Area—The goal of the
initial reconnaissance of the project area is to identify and
locate those zones Or preferential flow pathways with the
greatest potential to transmit fluids from the project area.
Identifying these flow pathways is the first step in selecting the
target ground-water monitoring zone(s).

521 Literature Search—Every effort should be made to
collect and review all applicable field and laboratory data from
previous investigations of the project area. Information such as,
but not limited to, topographic maps, aerial imagery (see Guide
D 5518), site ownership and utilization records, geologic and
hydrogeologic maps and reports, mineral resource Surveys,
water well logs, information from local well drillers, agricul-
tural soil reports, geotechnical engineering reports, and other
engineering maps and reports related to the project area should
be reviewed to locate relevant site information. .

5.2.2 Field Reconnaissance—Early in the investigation, the
soil and rocks in open cut areas (e.g., roadcuts, streamcuts) in
the vicinity of the project should be studied, and various soil
and rock profiles noted. Special consideration should be given
to soil color and textural changes, landslides, seeps, and

springs within or near the project area.

523 Preliminary Conceptual Model—The distribution of
the predominant soil and rock units likely to be found during
subsurface exploration may be hypothesized at this time in a
preliminary conceptual site model using information obtained
in the literature search and field reconnaissance. In areas where

geo-
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the geology is relatively uniform, well documented in the
literature, and substantiated by the field reconnaissance, further
refinement of the conceptual model may not be necessary
unless anomalies are discovered in the well drilling stage.

5.3 Field Investigation—The goal of the field investigation
is to refine the preliminary conceptual site model so that the
target monitoring zone(s) is (are) identified prior to monitoring
well installation. :

5.3.1 Exploratory Borings and Direct-Push Methods—
Characterization of the flow paths conceptualized in the initial
reconnaissance involves defining the porosity (type and
amount), hydraulic conductivity, stratigraphy, lithology, grada-
tion and structure of each hydrologic unit encountered beneath
the site. These characteristics are defined by conducting an
exploratory program which may include drilled soil borings
(see Guide D 6286 for selection of drilling methods) and
direct-push methods (e.g., cone penetrometers [see Test
Method D 3441 or Guide D 6067] or direct-push machines
using soil sampling, ground-water sampling and/or electrical
conductivity measurement tools [see Guides D 6282 and
D 6001]). Exploratory soil borings and direct-push holes
should be deep enough to develop the required engineering and
hydrogeologic data for determining the preferential flow path
way(s), target monitoring zone(s), or both. :

5.3.1.1 Sampling—Soil and rock properties should not be
predicted wholly on field description or classification, but
should be confirmed by laboratory and/or field tests made on
samples or in boreholes or wells. Representative soil or rock
samples of each material that is significant to the design of the
monitoring well system should be obtained and evaluated by a
geologist, hydrogeologist, soil scientist or engineer trained and
experienced in soil and rock analysis. Soil sample collection
should be conducted according to Practice D 1452, Test
Method D 1586, Practice D 3550, Practice D 6519 or Practice
D 1587, whichever is appropriate given the anticipated char-
acteristics of the soil samples (see Guide D 6169 for selection
of soil sampling methods). Rock samples should be collected
according to Practice D 2113. Soil samples obtained for
evaluation of hydraulic properties should be containerized and
identified for shipment to a laboratory. Special measures to
preserve either the continuity of the sample or the natural
moisture are not usually required. However, soil and rock
samples obtained for evaluation of chemical properties often
require special field preparation and preservation to prevent
significant alteration of the chemical constitients during trans-
portation to a laboratory (see Practice D 6640). Rock samples
for evaluation of hydraulic properties are usually obtained
using a split-inner-tube core barrel. Evaluation and logging of
the core samples is usually done in the field before the core is
removed from the core barrel.

5.3.1.2 Boring Logs—Care should be taken to prepare and
retain a complete boring log and sampling record for each
exploratory soil boring or direct-push hole (see Guide D 5434).

Note 1—Site investigations conducted for the purpose of generating.
data for the installation of ground-water monitoring wells can vary greatly
due to the availability of reliable site data or the lack thereof. The general
procedure would be as follows: (1) gather factual data regarding the
surficial and subsurface conditions; (2) analyze the data, (3)-develop a
conceptual model of the site conditions, (4) locate the monitoring wells

" geotechnical and hydrogeologic information may be required ¢,
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based on the first three steps. Monitoring wells should only pe; .
with sufficient understanding of the geologic, and hydrojgy; E:
geochemical conditions present at the site. Monitoring wells Oﬁengslc
part of an overall site investigation for a specific purpoge, s 4
determining the extent of contamination present, or for pre dicﬁnche-a’
effectiveness of aquifer remediation. In these cases, extensive addig

go beyond the Section 5 Site Characterization description. “ wm

Boring logs should include the location, geotechnicy)
(that is, penetration rates or blow counts), and sample deses
tion information for each material identified in the botehég
either by symbol or word description, or both. Descriptigy’ a:i ,
. ' euleprLHkaeeerdam e with Praciy

D 2488; classification of soils should be in accordance Wi
either Practice D 2487 or Practice D 3282. Identiﬁcationo‘f
rock material should be based on Nomenclature C 294 o bya
appropriate geologic classification system. Observatioyg of
seepage, free water, and water levels should also be noted, T £
boring logs should be accompanied by a report that includes

description of the area investigated; a map illustrating g, §
vertical and horizontal location (with reference to either No, | zoné
American Vertical Datum of 1988 [NAVD 88] or to a sy £~ No
dardized survey grid) of each exploratory soil boring or testpy, § 1ot
or both; and color photographs of rock cores, soil samples, 3y §: for™
exposed strata labeled with a date and identification. | 2:’1:“:
5.3.2 Geophysical Exploration—Geophysical surveys miy - o
be used to supplement soil boring and outcrop observation day § - metal
and to aid in interpretation between soil borings. Appropriae f -data ¢
surface and borehole geophysical methods for meeting site- §
specific project objectives can be selected by consulting Guides 6. b
D 6429 and D 5753 respectively. Surface geophysical methods 6.
such as seismic (Guide D 5777), electrical-resistivity (Guide § tion
D 6431), ground-penetrating radar (Guide D 6432), graviy } samy
(Guide D 6430) and electromagnetic conductance surveys the «
(Guide D 6639) can be particularly valuable when distint § anm
differences in the properties of contiguous subsurface materias § diatt
are indicated. Borehole methods such as resistivity, gamms, | D¢
gamma-gamma, neutron, and caliper logs (see Guide D 6167) | 10 t
can be useful to confirm specific subsurface geologic condr | 5CT®
tions. Gamma logs (Guide D 6274) are particularly usefulin § bent
existing cased wells. - qual
5.3.3 Ground-Water Flow Direction—Ground-water flov grot
direction is generally determined by measuring the vertical i | Pl
horizontal hydraulic gradient within each conceptualized flo¥ 6.
pathway. However, because water will flow along the pathwajs grot
of least resistance (within the highest hydraulic conductiviy | “™
formation materials at the site), actual flow direction may be fﬁm
oblique to the hydraulic gradient (within buried stream chatr a6t
nels or glacial valleys, for example). Flow direction is deter
mined by first installing piezometers in the exploratory soi 6
borings that penetrate the zone(s) of interest at the site. Toe | 102
depth and location of the piezometers will depend up® irof
anticipated hydraulic connections between conceptualized 10V ﬁTef
pathways and their respective lateral direction of flow. Follow- ; e
ing careful evaluation, it may be possible to utilize exist h(/)ln
private or public wells to obtain water-level data. The constru¢ N
tion integrity of such wells should be verified to ensure that te EE:
water levels obtained from the wells are representative oty ® § '
the zone(s) of interest. Following water-level data acquisitio §
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, pientiometric surface map should be prepared. Flow path-
;'aVS are ordinarily determined to be at right angles, or nearly
o 0 the equipotential lines, though consideration of complex
;sl()logy can result in more complex interpretations of flow
’5|4 Completing the Conceptual Model—A series of geo-
peic and hydrogeologic cross sections should be developed to
ofne the conceptual model. This is accomplished by first
Jotting Jogs of soil and rock observed in the exploratory soil
gorings or test pits, and interpreting between these logs using
e geologic and engineering interrelationships between other
«il and rock data observed in the initial reconnaissance or with
gophysical techniques. Extrapolation of data into adjacent
. ically nni
iie conditions are known to exist. The next step is to integrate
e geologic profile data with the potentiometric data for both
wriical and horizontal hydraulic gradients. Plan view and
moss-sectional flow nets should be constructed. Following the
malysis of these data, conclusions can be made as to which
fow pathway(s) is (are) the appropriate target monitoring
1008(S).

Nore 2—-UUse of ground-water monitoring wells is difficult and may

ui be a reliable technology in fine-grained, low hydraulic conductivity
mation materials with primary porosity because of (1) the dispropor-
imte influence that microstratigraphy has on ground-water flow in
egrained strata; (2) the proportionally higher vertical flow component
¢low hydraulic conductivity strata; and (3) the presence of indigenous
weillic and inorganic constituents in the matrix that make water-quality
2 evaluation difficult. :

i Monitoring Well Construction Materials

6.1 General—The materials that are used in the construc-
i of a monitoring well that come in contact with water
amples should not alter the chemical quality of the sample for
ke constituents being examined. The riser, well screen, and
mular seal installation equipment should be cleaned imme-
lely prior to well installation (see either Practice D 5088 or
J308) or certified clean from the manufacturer and delivered
the site in a protective wrapping. Samples of the riser and
Ten material, cleaning water, filter pack, annular seal,
fMonite, and mixed grout should be retained to serve as
ity control until the completion of at least one round of

T{Dund» water quality sampling and analysis has been com-

#ed
02 Water—Water used in the drilling process, to prepare
"W mixtures and to decontaminate the well screen, riser, and
. Uar sealant injection equipment, should be obiained from a
% of known chemistry that does not contain constituents
could compromise the integrity of the well installation.

3 Primary Filter Pack:

?‘3'1 General—The purposes of the primary filter pack are
;;:‘ 8 a filter that retains formation material while allowing
Lp“d Water to enter the well, and to stabilize the formation to
ggér from collapsing on the well. The design of the primary
I Pack is based on the grain-size distribution of the
l'élhﬂtlon material (as determined by sieve analysis—see Test
?ﬁn:;D 422) to be retained. The grain size distribution of the
ico filter pack must be fine enough to retain the formation,
h“ndarse enough to allow for unrestricted movement of

UWater into and through the monitoring well, The design
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of the well screen (see 6.4.3) must be done in concert with the
design of the filter pack. After development, a monitoring well
with a correctly designed and installed filter pack and screen
combination should produce samples free of artifactual turbid-
ity. :

6.3.2 Materials—The primary filter pack should consist of
an inert granular material (generally ranging from gravel to
very fine sand, depending on formation grain size distribution)
of selected grain size and gradation that is installed in the
annulus between the well screen and the borehole wall. Washed
and screened silica sands and gravels, with less than 5 %
non-siliceous materials, should be specified.

mechanical retention of formation materials.

6.3.3.1 1 For formation materials that are relatively coarse-
grained (i.e., fine, medium and coarse sands and gravels), the
grain size distribution of the primary filter pack is determined
by calculating the d-30 (30 % finer) size, the d-60 (60 % finer)
size, and the d-10 (10 % finer) size of the filter pack. The first
point on the filter pack grain-size distribution curve is the d-30
size. The primary filter pack is usually selected to have a d-30
grain size that is about 4 to 6 times greater than the d-30 grain
size of the formation material being retained (see Fig. 1). A
multiplication factor of 4 is used if the formation material is
relatively fine-grained and well sorted or uniform (small range
in grain sizes); a multiplication factor of 6 is used if the
formation 1is relatively coarse grained and poorly sorted or
non-uniform (large range in grain sizes). Thus, 70 % of the
filter pack will have a grain size that is 4 to 6 times larger than
the d-30 size of the formation materials. This ensures that the
filter pack is coarser (with a higher hydraulic conductivity)
than the formation material, and allows for unrestricted
ground-water flow from the formation into the monitoring
well.

based on

The next 2 points on the filter pack grain-size distribution
curve are the d-60 and d-10 grain sizes. These are chosen so
that the ratio between the two grain sizes (the uniformity
coefficient) is less than 2.5. This ensures that the filter pack has
a small range in grain sizes and is uniform (see technical Note
5). The d-60 and d-10 grain sizes of the filter pack are
calculated by a trial and error method using grain sizes that are
close to the d-30 size of the filter pack. After the d-30, d-60 and
d-10 sizes of the filter pack are determined, a smooth curve is
drawn through these points. The final step in filter pack design
is to specify the limits of the grain size envelope, which defines
the permissible range in grain sizes for the filter pack. The
permissible range on either side of the grain size curve is 8 %.
The boundaries of the grain size envelope are drawn on either
side of the filter pack grain-size distribution curve, and filter
pack design is complete. A filter medium having a grain-size
distribution as close as possible to this curve is then obtained
from. a local sand supplier.

6.3.3.2 In formation materials that are predominantly fine-
grained (finer than fine to very fine sands), soil piping can
occur when a hydraulic gradient exists between the formation
and the well (as would be the case during well development
and sampling). To prevent soil piping in these materials, the

following criteria-are used for designing granular filter packs:




d-15 of filter >=4105

d-15 of formation

d-15 of filter
d-85 of formation

</=4t05 and

The left half of this equation is the fundamental criterion for
the prevention of soil piping through a granular filter, while the
right half of the equation is the hydraulic conductivity crite-
rion. This latter criterion serves the same purpose as multiply-
ing the d-30 grain size of the formation by a factor of between
4 and 6 for coarser formation materials. Filter pack materials
suitable for retaining formation materials in formations that are
predominantly fine-grained are themselves, by necessity, rela-
tively fine-grained (e.g., fine to very fine sands), presenting
Wﬁbﬁﬁﬁﬁrw&deﬁgﬂef&aﬁd%nstallﬁs First, well
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6.3.3.3 The limit of mechanical filtration for moy
wells is defined by the finest filter pack material thy c““%
practically installed via a pre-packed or sleeved screen\al}‘
flour with a grain size of 0.003 in. (200 mesh), encaseq Ws %
a very fine mesh screen of stainless steel or other Suil
© material. This fine a filter pack material will retain fory,:
material as fine as silt, but not clay. Formations with 2 sy :
fraction of clay (up to about 20 %) can be succeggpy
monitored, as long as the wells installed in these fonnation?n} :
properly developed (see Guide D 5521). For mechanicy] fl,
tion to be effective in formations with more than 50 , g,
the filter pack design would have to include silt-sized PaftiCIa':

screen slot sizes suitable for retaining such fine-grained filter
pack materials are not widely available (the smallest commer-
cially available slotted well casing is 0.006 in. [6 slot]; the
smallest commercially available continuous-siot wire-wound
screen is 0.004 in. [4 slot]). Second, the finest filter pack
material practical for conventional (tremie tube) installation is
a 40 by 70 (0.008 by 0.018 in.) sand, which can be used with
a well screen slot as small as 0.008-in. (8 slot). Finer grained
filter pack materials cannot be placed practically by either
tremie tubes or pouring down the annular space or down
augers. Thus, the best method for ensuring proper installation
of filter packs in predominantly fine-grained formation mate-

in the filter pack in order to meet the design criteria, which;
impractical, as placement would be impossible and SCTe:l
mesh fine enough to retain the material is not commery,
available. Therefore, formations with more than 50 % passif
a #200 sieve, and having more than 20 % clay-sized matey;
should not be monitored using conventional well deg

Alternative monitoring technologies should be used in thege
formations.. .

Note 3—When installing a monitoring well in solution-changy
Emestone or highly fractured bedrock, the borehole configuration of vy =
spaces within the formation surrounding the borehole is often unknow, B~
Therefore, the installation of a filter pack becomes difficult and may naf

rials is to use pre-packed or sleeved screems, which are  Possible. ' . ) o <
described in detail in Practice D 6725. A 50 by 100 (0.011 by Nore 4—This practice presents a design for monitoring wellsthal v 3
0.006 in.) filter-pack sand can be used with a 0.006-in. slotsize D¢ effectivein the majority of formations. Applicable state guidancemy ¥ jf |
differ from the designs contained in this practice. 3
pre-packed or sleeved screen, and a 60 by 120 (0.0097 by . _ A
. . . Note 5—Because the well screen slots have uniform openings, t
0.0045 in.) filter-pack sand can be used with a 0.004-in. (4 slot) i : L prmen R
: . er pack should be composed of particles that are as uniform in sizex }
slot size pre-packed or sleeved screen. Filter packs that are s practical. Ideally, the uniformity coefficient (the quotient of the 6% o
finer than these (e.g., sands as fine as 100 by 120 [0.006 byr passing, D-60 size divided by the 10 % passing D-10 size {effectivesiz) g
0.0045 in.], or silica flour as fine as 200 mesh [0.003 in.]) can of the filter pack should be 1.0 (that is, the D-60 % and the D-10%sis B g
only be installed within stainless steel mesh sleeves that can be should be identical). However, a more practical and consistently achiev.
placed over pipe-based screens. While these sleeves, or the abie u“}f‘;r;mtﬁ’ c‘;gfﬁ“em for all ranges Ofaflﬂte‘ pack S}(Zjeslls 2.5, Thi
space between internal and external screens in 2 pre-packed - YAlue Of =2 Suon represent a maximum value, not an idea of
well screen may be as thin as 1/2-in. (1.27 cm), the basis for Nore 6—Although not recommended as standard practice, ofens b thy
hanical retention dictates that filt X thickness of project requires drilling and. installing the well in one phase of work pu
mechanical retention .1c a.es a 2_‘ er-pac 1c .es Therefore, the filter pack materials must be ordered and delivered to tte sc
only two or th_ree grain 'dlameters is needed to contain and gy site before soil samples can be collected. In these cases, the suggesiel
control formation materials. Laboratory tests have demon-  well screen slot size and filter pack material combinations are presentedit } 3"
strated that a properly sized filter pack material with a  Table L.
thickness of less than 1/2-in. (1.27 cm) successfully retains Note 7-—Silica flour can alter water chemistry, particularly for trt de
formation particles regardless of the velocity of water passing  ranics, and its use should be evaluated against the monitoring prog® ¢ D
through the filter pack >. analytes P
6.4 Well Screen: : t
6.4.1 General—The purposes of the well screen ae 0§ pi
provide designed openings for ground-water flow through Thf f
3 (1) Driscoll, EG., 1986, Groundwater and Wells, Johnson Division, St. Paul, well, and to prevent migration Of_ filter pack and formatioh g Ir
MN, pg.443 o
m
TABLE 1 Recommended (Achievable) Filter Pack Characteristics for Common Screen Slot Sizes §i
Size of Screen Siot No Sand Pack Mesh 1 % Passing Size  Effective Size, 30 % Passing Size Range of Uniformity Roundness {Pouet ¥ g
Opening, mm (in.) : Size Name(s) (D-1), mm (D-10), mm (D-30), mm Coefficient Scale) i
0.125 (0.005) 54 100 0.09 to 0.12 0.14 10 0.17 0.17 to 0.21 131020 2105} g
0.25 (0.010) 10 20 to 40 0.25 10 0.35 0.4100.5 0.510 0.6 111016 3105 ¢
0.50 (0.020) 20 10 to 20 071009 1.0t01.2 121015 111016 3108
0.75 (0.030) 30 10 to 20 0.710 0.9 10to 1.2 12t0 1.5 11t01.6 3106 |
1.0 (0.040) 40 81012 121014 161018 1710 2.0 111018 4108 v
1.5 (0.060) 60 6109 1510 1.8 231028 2510 3.0 111017 4108 g
2:0 (0:080) -~ 80 4108 20t24 241030 2.6 10 3.1 111017 4108
4 A 5-slot (0.152-mm) opening s not currently availabie in slotted PVC but is available in Vee wire PVC and Stainless; 6-slot oﬁéﬁirﬁ may be substituted in thes® st |t
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il 0 the well. The well screen design is based on either
tﬂain-size distribution of the formation (in the case of a
,ﬂcwith a naturally developed filter pack), or the grain-size
' wution of the primary filter pack material (in the case of a
Er-pﬁCked well). The screen openings must be small enough
iain MOSE if not all of the formation or filter-pack materials,
g}arge enough to maintain ground-water flow velocities,
@ the well screen/filter pack interface back to the natural
ation materials, of less than 0.10 ft/s (0.03 m/s). If well
qnentrance velocities exceed 0.10 ft/s (0.03 m/s), turbulent
E,-,yconditions can occur, resulting in mobilization of sedi-
a1 from the formation and reductions in well efficiency.

(42 Materials—TThe well screen should be np\v,“

preferably 99 %, of the primary filter pack materials. The
method for determining the primary filter pack design is
described in 6.3.3,

6.4.5 Prepacked or Sleeved Well Screens—An alternative to
designing and installing filter pack and well screens separately
is to use a pre-packed or sleeved screen assembly. A pre-
-packed well screen consists of an internal well screen, an
external screen or filter medium support structure, and the filter

- medium contained between the screens, which together com-

prise an integrated structure. The internal and external screens
are constructed of materials compatible with the monitored

. environment, and are usually of a common slot size specified

by the well designer to retain the filter pack material. The filter

gine-slotted casing or continuous wrapped wire'-wound
=1 composed of materials compatible with the monitoring
sionment, as determined by the site characterization pro-
m,. The screen should be plugged at the bottom (unless a
et sump is used), and the plug should generally be of the
mmaterial as the well screen. This assembly must have the
i.:.«lbility to withstand well installation and development
ks without becoming dislodged or damaged. The length
i well screen open area should reflect the thickness of the
;ﬁa monitoring zone. Immediately prior to installation, the
i sreen should be cleaned (see either Practice D 5088 or
e D 5608) with water from a source of known chemistry,
tisnot certified clean by the manufacturer, and delivered,
Emintained in a clean environment at the site.

% 8~Well screens are most commonly composed of PVC or
< steel. Stainless steel may be specified based on knowledge of the
et of microbially influenced corrosion in formations (specifically
<12 0r acid-producing conditions).

5“ Diameter—TThe minimum nominal internal diameter
well screen should be chosen based on factors specific to
;?ﬂicular application (such as the outside diameter of the
g and sampling device(s) to be used in the well). Well
% small as 1/2-in. (1.27 cm) nominal diameter are
8k for use in monitoring well applications.

- Design—The design of the well screen should be
%d based on the grain size analysis (per Test Method
/0 the interval to be monitored and the gradation of the
: fiter pack material. In granular, non-cohesive forma-
& Yerials that will fall in easily around the screen, filter
i " be developed from the native formation materials—
"k materials foreign to the formation are not necessary.
" “Ses of naturally developed filter packs, the slot size
V\Vep Screen is determined using the grain size of the
:Ekc;m the surrounding formation. The well screen slot
e for this type of well completion should retain at
by, ° of formation materials—the finest 30 % of forma-

"als will be brought into the well during develop-
jm\i e‘Objectives of filter packing (to increase hydraulic
] éelty Immediately surrounding the well screen, and to
%, Y flow of ground water into and through the screen)
meﬁ' In wells in which a filter pack material of a
8 size distribution is introduced from the surface,

i3
¢
i

Slot size selected should retain at}(:ast ?0 %, and

pack is normally an inert (e.g., siliceous) granular material that
has a grain-size distribution chosen to retain formation mate-
rials. A sleeved screen consists of a slotted pipe base over
which a sleeve of stainless steel mesh filled with selected filter
media is installed. Pre-packed or sleeved screens may be used
for any formation conditions, but they are most often used
where heaving, running or blowing sands make accurate
placement of conventional well screens and filter packs diffi-
cult, or where predominantly fine-grained formation materials
are encountered. In the latter case, using pre-packed or sleeved
screens is the only practical means of ensuring that filter pack
materials of the selected grain-size distribution (generally fine
to very fine sands) are installed to completely surround the
screen.

Nore 9—The practice of using a single well screen/filter pack combi-
nation (e.g., 0.010 in. [0.254 mm]) well screen slot size with a 20/40 sand)
for all wells, regardless of formation grain-size distribution, will result in
siltation of the well and significant turbidity in samples when applied to
formations finer than the recommended design. It will also result in the
loss of filter pack, possible collapse of the screem, and invasion of
overlying well construction materials (e.g., secondary filter pack, annular
seal materials, grout) when applied to formations coarser than the
recommended design. For these reasons, the universal application of a
single well screen/filier pack combination to all formations is not
recommended, and should be avoided.

6.5 Riser:

6.5.1 Materials—TThe riser should be new pipe composed
of materials that will not alter the quality of water samples for
the constituents of concern and that will stand up to long-term
exposure to the monitoring environment, including potential
contaminants. The riser should have adequate wall thickness
and coupling strength to withstand the stresses imposed on it
during well installation and development. Each section of riser
should be cleaned (see either Practice D 5088 or Practice
D 5608) using water from a source of known chemistry
immediately prior to installation.

Norte 10-—Risers are generally constructed of PVC, galvanized steel or
stainless steel.

6.5.2 Diameter—The minimwn nominal internal diameter
of the riser should be chosen based on the particular applica-
tion. Risers as small as Y4-in. (1.25-cm) in diameter are
available for applications in monitoring wells.

6.5.3 Joints (Couplings)—Threaded joints are recom-
mended. Glued or solvent-welded joints of any type are not
recommended because glues and solvents may alter the chem-
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threads (Specification F 480) are designed to be accompanied
by O-ring seals at the joints, they do not require PTFE taping.
However, tapered threaded joints should be PTFE taped to
prevent leakage of water into the riser.

6.6 Casing—Where conditions warrant, the use of perma-
nent casing installed to prevent communication between water-
bearing zones is encouraged. The following subsections ad-
dress both temporary and permanent casings.

6.6.1 Materials—The material type and minimum wall
thickness of the casing should be adequate to withstand the
forces of installation. All casing that is to remain as a

i tion (that is, in multi-cased wells)

6.9 Annular Sealants—TThe materials used to geq
annulus may be prepared as a slurry or used un-mixed i, a ¢
pellet, granular, or chip form. Sealants should be selecteq o '
compatible with ambient geologic, hydrogeologic, geachen;
cal and climatic conditions and any man-induced cop it i
(e.g., subsurface contamination) anticipated during the yif, o
the well.

6.9.1 Bentonite—Bentonite should be powdered, granyly,
pelletized, or chipped sodium montmorillonite from a compy,,
cial source, free of impurities that may adversely impact the
water quality in the well. Pellets consist of roughly sphericy
units of moistened, compressed bentonite powder, Chipg e

should be new and cleaned to be free of interior and exterior
protective coatings.

Note 11—The exterior casing (temporary or permanent multi-cased) is
generally composed of steel, although other appropriate materials may be
used.

6.6.2 Diameter—Several different casing sizes may be re-
quired depending on the geologic formations penetrated. The
diameter of the borehole and the well casing for conventionally
filter packed wells should be selected so that a minimum
annular space of 2 in. (5 cm) is maintained between the inside
diameter of the casing and outside diameter of the riser to
provide working space for a tremie pipe. For naturally devel-
oped wells and pre-packed or sleeved screen completions, this
annular space requirement need not be met. In addition, the
diameter of the casings in multi-cased wells should be selected
so that a minimum annular space of 2 in. (5 cm) is maintained
between the casing and the borehole (that is, a 2-in. [5 cm]
diameter screen will require first setting a 6-in. [15.2 cm]
diameter casing in a 10-in. [25.4 cm] diameter boring).

Note 12—Under difficult drilling conditions (collapsing soils, rock, or
cobbles), it may be necessary to advance temporary casing. Under these
conditions, a smaller annular space may be maintained.

6.6.3 Joints (Couplings)—The ends of each casing section
should be either flush-threaded or beveled for welding.

6.7 Sediment Sump—A sediment sump, a length of blank
pipe, generally of the same diameter and made of the same
material as the riser and well screen -- may be affixed to the
bottom of the screen, and capped with a bottom plug, to collect
fine-grained material brought into the well by the process of
well development. A drainage hole may be drilled in the
bottom of the sump to prevent the sump from retaining water
in the event that the water level outside the well falls below the
bottom of the well screen. Because the sediment that collects in
the sump may harbor geochemistry-altering microflora and
reactive metal oxides, this sediment must be removed periodi-
cally to minimize the potential for sample chemical alteration.

6.8 Protective Casing:

6.8.1 Materials—Protective casings may be made of alumi-
num, mild steel, galvanized steel, stainless steel, cast iron, or
structural plastic pipe. The protective casing should have a lid
capable of being locked shut by a locking device or mecha-
nism.

6.8.2 Diameter—The inside dimensions of the protective
casing should be a minimum of 2 in. (5 cm) and preferably 4

~in~(10-cm)-larger than the-nominal- diameter-of the riser to- -

facilitate the installation and operation of sampling equipment.

large, irregularly shaped, and coarse granular units of bentop,
free of additives. The diameter of pellets or chips selecteq f;,
monitoring well construction should be less than one fifth the
width of the annular space into which they are placed to redye
the potential for bridging. Granules consist of coarse to fiy,
particles of unaltered bentonite, typically smaller than 0. j

* (5.0 mm). It is recommended that the water chemistry of

formation in which the bentonite is intended for installation
evaluated to ensure that it is suitable to hydrate the bentoni,
Some water-quality conditions (e.g., high chloride contey,
high concentrations of certain organic solvents or petroleun
hydrocarbons) may inhibit the hydration of bentonite and resul
in an ineffective seal.

6.9.2 Cement—Each type of cement has slightly differen
characteristics that may be appropriate under various physici
and chemical conditions. Cement should be one of the fiv
Portland cement types that are specified in Specification C 15
The use of quick-setting cements containing additives is na
recommended for use in monitoring well installation. Additives
may leach from the cement and influence the chemistry o
water samples collected from the monitoring well.

6.9.3 Grout—The grout backfill that is placed above th
bentonite annular seal and secondary filters (see Fig. 1)
ordinarily a thick liquid slurry consisting of either a bentonit
(powder or granules, or both) base and water, or a Portlast
cement base and water. Often, bentonite-based grouts are us
when it is desired that the grout remain workable for extendel
periods of time during well construction or flexible (that is. 0
accommodate freeze-thaw cycles) during the life of the wel
Cement-based grouts are often used when filling cracks in ¢
surrounding geologic material, adherence to rock unifs, 01!
rigid setting is desired. A

6.9.3.1 Mixing—The mixing (and placing) of a grout back
fill should be performed with precisely recorded weights ant
volumes of materials, and according to procedures stipulated
by the manufacturer that often include the order of componen
mixing. The grout should be thoroughly mixed with 2 padde
type mechanical mixer or by recirculating the mix through?
pump until all lumps are disintegrated. Lumpy grout should 1¢
be used in the construction of a monitoring well to preved
bridging within the tremie pipe.

Note 13—Lumps do not include lost circulation materials that may
added to the grout if excessive grout losses occur.

6.9.3.2 Typical Bentonite-Based Grout—When a benton®

based grout is used, bentonite, usually unaltered, should

placed in the water through a venturi device. A yp®
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PROTECTIVE COVER
6in. (152 mm) WITH LOCKING CAP
CARANCE WELL IDENTIFICATION LABELED
_ / INSIDE AND OUTSIDE THE CAP
TOPOFNISER3. (L0m) | 1| L VENTED CAP
AlUm
ABOVE GRADE A1 WASHED PEA GRAVEL OR COARSE SAND MIXTURE
Ry
SLOPE BENTONITE/SOIL ‘ 1] PROTECTIVE CASING
MIXTURE OR 4in (101mm) THICK e
CONCRETE PAD AWAY FROM CASING 1/4in. (6.3 MM) WEEP HOLE
ol AT 6 in. ABOVE GROUND LEVEL
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SLOPE GROUT AWAY FROM 7 \\\\/\

CASING OR RISER TO 2 ><// 3 ft. -5 ft. (1.0 to 1.5 m) EXTENDED

PREVENT INFILTRATION, BUT \- §\\/\ PROTECTIVE CASING

DO NOT CREATE A MUSHROOM : DEPTH TO BELOW FROST LINE

FOR GROUT WHICH WILL BE N

SUBJECT TO FROST HEAVE . N .

NEAT CEMENT GROUT
DRYBENTONITE -~ [ Bag ——=—=-==-¥---

MINIMUM 2 in. (50 mmj) ID RISER WITH
FLUSH THREADED CONNECTIONS

CENTRALIZERS
AS NECESSARY

BOREHOLE WALL

CENTRALIZERS —————— |}
AS NECESSARY g

sl
k

GROUT LENGTH VARIES

6in. -1 ft. (152 mm to 304 mm)
FINAL SECONDARY
- L / FILTER PACK

I

31t - 5 ft. (1.0 to 1.5 m) BENTONITE SEAL

1ft.-2ft (303 mm fo 608 mm) FIRST SECONDARY
FILTER PACK WHERE CONDITIONS WARRANT

EXTEND PRIMARY FILTER PACK 20% OF SCREEN

— LENGTH OR 2 ft. (608mm) ABOVE SLOTTED WELL
SCREEN, UNLESS CONDITIONS WARRANT LESS

WELL SCREEN LENGTH VARIES

|l

PLUG /

FIG. 1 Monitoring Well Design—Singie—-Cased Well
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SEDIMENT SUMP (AS APPROPRIATE)
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water. 100 % bentonite grouts should not be used for monitor-
ing well annular sealants in the vadose zone of arid regions
because of the possibility that they may desiccate. This could
result in migration of water into the screened portion of the
well from zones above the target monitoring zone.

Note 14—High solids bentonite grouts (minimum 20 % by weight with
water) and other bentonite-based grouts may contain granular bentonite to
increase the solids content and other components added under manufac-
turer’s directions to either stiffen or retard stiffening of the mix. All
additives to grouts should be evaluated for their effects on subsequent
water samples.

6.9.3.3 Typical Cement-Based Grout—A typical cement-

from the well and the surrounding formation during the w
development process. It is recommended that if an aj; cqe
pressor is used, it should be equipped with an oil air filte; o . E
trap to minimize the potential for chemical alterati, of

ground-water samples collected after the well is installed,?; 3

Monitoring Well Installation i

8. Monitoring Well Installation

8.1 Stable Borehole—A stable borehole must be COnSstrycyy
prior to attempting the installation of monitoring well gy,
and riser. Steps must be taken to stabilize the borehole befm: 3
attempting installation if the borehole tends to cave or bloyj,

based grout consists of about 6 gal. (23 L) of water per 94-Ib.
(43-kg) bag of Type I Portland cement. Though not recom-
mended because of the chemical incompatability of bentonite
with cement (2, 3), from 3 to 8 % (by dry weight) of unaltered
bentonite powder is often added after the initial mixing of
cement and water to retard shrinkage and provide plasticity..

6.10 Secondary Filter Packs:

6.10.1 Materials—A secondary filter pack is a layer of
material placed in the annulus between the primary filter pack
and the bentonite seal, and/or between the bentonite seal and
the grout backfill (see Fig. 1 and Fig. 2).

6.10.2 Gradation—The secondary filter pack should be
uniformly graded fine sand with 100 % by weight passing the
#30 U.S. Standard sieve, and less than 2 % by weight passing
the #200 U.S. Standard sieve.

6.11 Annular Seal and Filter Pack Installation Equipment—
The equipment used to install the annular seals and filter pack
materials should be cleaned (if appropriate for the selected
material) using water from a source of known quality prior to
use. This procedure is performed to prevent the introduction of
materials that may ultimately alter water quality samples.

7. Drilling Methods

7.1 The type of equipment required to create a stable, open,
vertical borehole for installation of a monitoring well depends
upon the site geology, hydrology, and the intended use of the
data. Engineering and geological judgment and some knowl-
edge of subsurface geological conditions at the site is required
for the selection of the appropriate drilling method(s) utilized
for drilling the exploratory soil borings and monitoring wells
(see Guide D 6286). Appropriate drilling methods for investi-
gating and installing monitoring wells at a site may include any
one or a combination of several of the following methods:
hollow-stem auger (Guide D 5784); direct (mud) rotary (Guide
D 5783); direct air-rotary (Guide D 5782); direct rotary wire-
line casing advancement (Guide D 5876); dual-wall reverse-
circulation rotary (Guide D 5781); cable-tool (Guide D 5875);
or various casing advancement methods (Guide D 5872).
Whenever feasible, it is advisable to utilize drilling procedures
that do not require the introduction of water or drilling fluids
into the borehole, and that optimize cuttings control at ground
surface. Where the use of water or drilling fluid is unavoidable,
the selected fluid should have as little impact as possible on the
water samples for the constituents of interest. The chemistry of
the fluid to be used should be evaluated to determine the
potential for water quality sample alteration. In addition, care

should be taken to remove as much drilling fluid as possible

or—both.Boreholes —that —arenot—straight —or—are partily
obstructed should be corrected prior to attempting the ingy. £
lation procedures described herein.

8.2 Assembly of Well Screen and Riser:

8.2.1 Handling—TThe well screen, sediment sump, bottgy, &
plug and riser should be either certified clean from
manufacturer or steam-cleaned or high-pressure hot-way &
washed (whichever is appropriate for the selected materig)
using water from a source of known chemistry immedatly
prior to assembly. Personnel should take precautions to ass
that grease, oil, or other contaminants that may ultimately ajty
the water sample do not contact any portion of the well scregy
and riser assembly. As one precaution, for example, personn
should wear a clean pair of cotton, nitrile or powder-free PV(
(or equivalent) gloves while handling the assembly.. '

8.2.2 Riser Joints (Couplings)—Flush joint risers with b
square profile (Specification F 480) threads do not requir
PTFE taping to achieve a water tight seal; these joints should §-
not be taped. O-rings made of a material of known chemisty,
selected on the basis of compatibility with contaminants of ¥
concern and prevailing environmental conditions, should be
used to assure a tight seal of flush-joint couplings. Coupling
are often tightened by hand; however, if necessary, stean
cleaned or high-pressure water-cleaned wrenches may b
utilized. Precautions should be taken to prevent damage to ti
threaded joints during installation, as such damage may pe
mote leakage past the threads.

8.3 Setting the Well Screen and Riser Assembly—When the
well screen and riser assembly is lowered to the predetermined
level in the borehole and held in position, the assembly ma
require ballast to counteract the tendency to float in the
borehole. Ballasting may be accomplished by filling the rists
with water from a source of known and acceptable chemisty
or, preferably, using water that was previously removed ffom
the borehole. Alternatively, the riser may be slowly pushed jnio
the fluid in the borehole with the aid of hydraulic rams on ¢
drill rig and held in place as additional sections of riser el
added to the column. Care must be taken to secure the 15§
assembly so that personnel safety is assured during
installation. The assembly must be installed straight 'anq
plumb, with centralizers installed at appropriate local®" ¢
(typically every 20 to 30 ft [6 to 9 m]). Difficulty in mainta®
ing a straight installation may be encountered where the weig!
of the well screen and riser assembly is significantly 1esS mmj
the buoyant force of the fluid in the borehole. The riser shov®

_extend above grade and be capped temporarily t0 4o
entrance of foreign materials during final completion. ~— ¢
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PROTECTIVE COVER
6 in. (152 mm) WITH LOCKING CAP
%%?{ASRQ’;&%R ; WELL IDENTIFICATION LABELED
\A ¥ r / INSIDE AND OUTSIDE THE CAP
"""" 37Tl ———— ventED CaP
TOP OF RISER 3 ft. (1.0 m)
ABOVE GRADE '

SLOPE BENTONITE/SOIL
MIXTURE OR 4 in (101mm) THICK
CONCRETE PAD AWAY FROM CASING

CASING OR RISER TO
: PREVENT INFILTRATION, BUT
DO NOT CREATE A MUSHROOM
FOR GROUT WHICH WILL BE
SUBJECT TO FROST HEAVE

STEEL CASING INSTALLED AND
STABILIZED AT A MINIMUM 2 ft (608 mm)
INTO CONFINING LAYER

NEAT CEMENT GROUT

DRY BENTONITE

MINIMUM 2 in. (50 mm) ID RISER WITH
FLUSH THREADED CONNECTIONS

CENTRALIZERS
AS NECESSARY

BOREHOLE WALL/

o]

4
&
3%
=5
..

ks

CENTRALIZER ————>>
AS NECESSARY

1

WASHED PEA GRAVEL OR COARSE SAND MIXTURE
PROTECTIVE CASING

"",,' ;‘.’ T

PLUG /

1/4in. (6.3 mm) WEEP HOLE
AT 6 in. ABOVE GROUND LEVEL

3 ft.- 5 ft. (1.0 to 1.5 m) EXTENDED
PROTECTIVE CASING
- DEPTH TO BELOW FROST LINE

GROUT LENGTH VARIES

6in. -1 ft. (152 mm to 304 mm) -
FINAL SECONDARY

fl / FILTER PACK

I

31t -5t (1.0 to 1.5 m) BENTONITE SEAL

1ft. -2 ft. (303 mm to 608 mm) FIRST SECONDARY
FILTER PACK WHERE CONDITIONS WARRANT

EXTEND PRIMARY FILTER PACK 20% OF SCREEN
LENGTH OR 2 ft. (608mm) ABOVE SLOTTED WELL
SCREEN, UNLESS CONDITIONS WARRANT LESS.

WELL SCREEN LENGTH VARIES

SEDIMENT SUMP (AS APPROPRIATE)

FIG. 2 Monitoring Well Design—Multi-Cased Well
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8.4 Installation of the Primary Filter Pack: 8.5 Placement of First Secondary Filter—A secondary Bl

8.4.1 Volume of Filter Pack—TThe volume of filter pack ~ Pack may be installed above the primary filter pack to preVenr :
required to fill the annular space between the well screen and the intrusion of the bentonite grout seal into the primary ﬁhel f
borehole should be calculated, measured, and recorded on the ~ Pack (see Figs. 1 and 2). To be effective, a measureq r ¢
well completion diagram during installation. To be effective, . recorded volume of secondary filter material should be a4q,, |
the filter pack should extend above the screen for a distance of ~ to extend 1 to 2 ft (0.3 to 0.6 m) above the primary filter pyy §
about 20 % of the length of the well screen but not less than 2 As with the primary filter, a secondary filter must not extemi !
ft. (0.6 m) (see Figs. 1 and 2). Where there is hydraulic into an overlying hydrologic unit (see 8.4.1). The well designe 8
connection between the zone to be monitored and the overlying ~ should evaluaie the need for this filter pack by considering y, |
strata, this upward extension should be gauged to prevent gradation of the primary filter pack, the hydraulic pey |
seepage from overlying hydrologic units into the filter pack. between adjacent units, and the potential for grout intrsi, §

T Seonmse from other units may alter hydraulic head measure- into-the-primary-filter-pack—The-secondary filter materiy b
Seepage from other units may alter hydraulic head measure- g . © i I R
ments or the chemistry of water samples collected from the poured into t'he annular Space Fhrougl} a decontgnunated, fluh B

well. : threaded, 1-in. (25-mm) minimum internal diameter trep;, g

8.4.2 Placement of Primary Filter Pack—Placement of the pipe lowered to within 3 ft (1.0 m) of the placement interyy §

Water from a source of known and acceptable chemistry my i di
be added to help deliver the filter pack to its intended locati,
The tremie pipe or a weighed line can be used to measure t

well screen is preceded by placing no less than 2 % and no
more than 10 % of the primary filter pack into the bottom of the

boreholie .using.a decont.aminated, ﬁ}lsh.thri,:ded, 1.-in. (25- top of the secondary filter pack as work progresses, Ty 51
mm) minimum internal d1a}meter tremie pipe. .ltemfmvely, the elevation (or depth below ground surface), volume, and e L
filter pack may be added directly between the riser pipe and the P

dation of the secondary filter pack should be recorded on th

auger or drive/temporary casing and the top of the filter pack g completion diagram.

located using a tamper or a weighted line. The well screen and
riser assembly is then centered in the borehole. This can be
done using one or more centralizer(s) or alternative centering
devices located not more than 10 ft (3 m) above the bottom of
the well screen (see Figs. 1 and 2). Centralizers should not be
located in the well screen. The remaining primary filter pack is
then placed in increments as the tremie is gradually raised or as
the auger or drive/temporary casing is removed from -the
borehole. As primary filter pack material is poured into the
tremie pipe, water from a source of known and acceptable

8.6 Installation of the Bentonite Seal—A bentonite pellet i
a slurry seal is placed in the annulus between the borehole an{
the riser pipe on top of the secondary or primary filter pack (se: &
Figs. 1 and 2). This seal retards the movement of cement-base;
grout backfill into the primary or secondary filter packs. Tote ¢
effective, the bentonite seal should extend above the fillr §
packs approximately 3 to 5 ft (1.0 to 1.5 m), depending on locd
conditions. The bentonite slurry seal should be installed using
a positive displacement pump and a side-discharge tremie pip ¢
lowered to the top of the filter pack. The tremie pipe should

chernistry may be added to help deliver the filter pack to the i slowly as the bentonite shurry fills the annular space she
intended interval in the borehole. The tremie pipe or a weighed  Beptonite pellets or chips may be poured from the surface i} {
line can be used to measure the top of the primary filter pack  4j1owed to free-fall into the borehole. As a bentonite pelleta§ Gr
as work progresses. If bridging of the primary filter pack  chjp seal is poured into the borehole, a tamper may & sec
material occurs, the bridged material should be broken me-  pecessary to tamp pellets or chips into place or to break bridgs pel

chanically prior to proceeding with the addition of more filter  formed as the pellets or chips stick to the riser or the wallsd sid
pack material. The elevation (or depth below ground surface),  the water-filled portion of the borehole. If the bentonite sl ene
volume, and gradation of primary filter pack should be re-  ipstalled above the water level in the borehole, granufa
corded on the well completion diagram (see Fig. 2 for an  pentonite should be used as the seal material — bentonite pellds
example). or chips should not be used in the unsaturated zone. Granul

8.4.3 Withdrawal of the Temporary Casing/Augers—If  bentonite should be poured into the borehole and installed b
used, the drive/temporary casing or hollow stem auger is  lifts of 2 in., then hydrated with water from a source of kno"[ &
withdrawn, usually in stipulated increments. Care should be chemistry. The tremie pipe or a weighed line can be used Of @,
taken to avoid lifting the riser with the withdrawal of the = measure the top of the bentonite seal as the work progreSSﬁ‘; stre
temporary casing/augers. To limit borehole collapse in stable Sufficient time should be allowed for the bentonite pellet %} sta
formations, the temporary casing or hollow stem auger is  to hydrate or the slurry annular seal to expand prior to groufi} ey
usually withdrawn until the lower-most point on the temporary ~ the remaining annulus. The volume and elevation (or ¢} incr
casing or hollow stem auger is at least 2 ft (0.6 m), butnomore ~ below ground surface) of the bentonite seal material should®f ingy,
than 5 ft (1.5 m) above the filter pack for unconsolidated measured and recorded on the well completion diagram. § fem
materials; or at least 5 ft (1.5 m), but no more than 10 ft (3.0 8.7 Final Secondary Filter Pack—A 6-in. to 1-ft (0-15“: ther
m), for consolidated materials. In highly unstable formations, 0.3-m) secondary filter may be placed above the bentonite & peri
withdrawal intervals may be much less. After each increment,  in the same manner described in 8.5 (see Figs. 1 and 2) Ty cont
it should be ascertained that the primary filter pack has not  secondary filter pack will provide a layer over the bentoﬂl‘f 8.
been displaced-during the withdrawal operation (using-a. seal to limit the downward movement of cement-based g} Oute

weighed measuring device). backfill into the bentonite seal. The volume, elevation (or dei'} lght
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pelow ground surface), and gradation of this final secondary
flter pack should be documented on the well completion
diagram.

8.8 Grouting the Annular Space:

8.8.1 General—Grouting procedures vary with the type of
well design. The following procedures will apply to both
single- and multi-cased monitoring wells. Paragraphs 8.8.2 and
§.8.3 detail those procedures unique to single- and multi-cased
installations, respectively.

8.8.1.1 Volume of Grout—An ample volume of grout should
be mixed on site to compensate for unexpected losses to the
formation. The use of alternate grout materials, including grout
containing gravel, may be necessary to control zones of hi

grout loss. The volume and location of grout used to backfill
the remaining annular space is recorded on the well completion
diagram. .

8.8.1.2 Grout Installation Procedures—The grout should be
pumped down hole through a side-discharge tremie pipe using
apositive displacement pump (e.g., a diaphragm pump, moyno
pump, or similar pump) to rediice the chance of leaving voids
in the grout, and to displace any liquids and drill cuttings that
may remain in the annulus. In very shallow wells, grouting
may be accomplished by gravity feeding grout through a tremie
pipe. With either method, grout should be introduced in one
continuous operation until full-strength grout flows out of the
borchole at the ground surface without evidence of drill
cuttings, drilling fluid, or water.

88.1.3 Grout Setting and Curing—The riser should not be
disturbed until the grout sets and cures for the amount of time
lecessary fo prevent a break in the seal between the grout and
fiser. The amount of time required for the grout to set or cure
vill vary with the grout mix and ambient temperature and
should be documented on the well completion diagram.

88.2 Specific Procedures Jfor Single-Cased Wells—
Grouting should begin at a level directly above the final
secondary filter pack (see Fig..1) if used, or above the bentonite
Kliet, chip or slurry seal. Grout should be pumped using a

Sde-discharge  tremie pipe to dissipate the fluid-pumping

tergy against the borehole wall and riser, reducing the

Ptential for infiltration of grout into the primary filter pack.

"t remie pipe should be kept full of grout from start to finish,

Vith the discharge end of the pipe completely submerged as it

Sslowly ang continuously lifted. Approximately 5 to 10 ft (1.5

an 3'9 m) of tremie pipe should remain submerged until

’r(’"“ng' is complete. For deep installations or where the joints

" %uplings of the selected riser cannot withstand the collapse

n;:s ®erted by a full column of grout as it is installed, a
- e grouting procedure may be used. If used, the drive/

.~ Porary casing or hollow-stem auger should be removed in
®0ls immediately following each increment of grout
mmml,atmﬂ and before the grout begins to set. If casing
B 4 does not commence until grout pumping is completed,
‘ oda o the casing is removed, additional grout may be
‘“mimllcauy pumped into the annular space to maintain a

% column of grout up to the ground surface.
%{3 L?PeCiﬁc Procedures for Multi-Cased Wells—If the

591 SCaS;ng of a multi-cased well cannot be driven to form a

i
b

“l between the surrounding stratum (strata) and the
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casing, it should be installed in a pre-drilled borehole. After the
borehole has penetrated not less than 2 ft. (0.6 m) of the first
targeted confining stratum, the outer casing should be lowered
to the bottom of the boring and the annular space pressure
grouted. Pressure grouting requires the use of a grout shoe or
packer installed at the end of the outer casing to prevent grout
from moving up into the casing. The grout must be allowed to
cure and form a seal between the casing and the borehole prior
to advancing the hole to the next hydrologic unit. This
procedure is repeated as necessary to advance the borehole to
the desired depth. Upon reaching the final depth, the riser and
screen should be set through the inner casing. After placement
of the filter packs and bentonite seal, the remaini
space is grouted as described in 8.8.2 (see Fig. 2).

Note 15-—When using a packer, pressure may build up during grout
injection and force grout up the sides of the packer and into the casing,

8.9 Well Protection—Well protection refers specifically to
installations made at the ground surface to deter unauthorized
entry to the monitoring well, to prevent damage to or destruc-
tion of the well, and to prevent surface water from entering the
annulus. The methods described in Practice D 5787 should be
used for well protection.

8.9.1 Protective Casing—Protective casing should be used
for all monitoring well installations. In areas that experience
frost heaving, the protective casing should extend from below
the depth of frost penetration (3 to 5 ft [1.0 to 1.5 m] below
grade, depending on local conditions), to slightly above the top
of the well casing. The protective casing should be initially
placed before final set of the grout. The protective casing
should be sealed and immobilized in concrete placed around
the outside of the protective casing above the set grout. The
protective casing should be stabilized in a position concentric
with the riser (see Figs. 3 and 1). Sufficient clearance, usually
6 in. (0.15 m) should be maintained between the lid of the
protective casing and the top of the riser to accommodate
sampling equipment. A Y4-in. (6.3-mm) ddiameter weep hole
should be drilled in the protective casing approximately 6 in.
(15 cm) above ground surface to permit water to drain out of
the annular space between the protective casing and the riser.
In cold climates, this hole will also prevent water freezing
between the protective casing and the well casing. Dry bento-
nite pellets, granules, or chips should then be placed in the
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annular space below ground level within the protective casing.
Coarse sand or pea gravel or both should be placed in the
annular space above the dry bentonite pellets and to just above
the weep hole to prevent entry of insects. All materials chosen
should be documented on the well completion diagram. The
monitoring well identification number should be clearly visible
on the inside and outside of the protective casing.

8.9.2 Completion of Surface Installation—The well protec-
tion installation may be completed in one of three ways:

8.9.2.1 In areas subject to frost heave, place a soil or
bentonite/sand layer adjacent to the protective casing sloped to

8.9.2.2 In regions not subject to frost heave, a concrete pad,
sloped slightly to provide water drainage away from the well,
should be placed around the installation.

8.9.2.3 Where monitoring well protection must be installed
flush with the ground, an internal cap should be fitted on top of
the riser within the manhole or vault. This cap should be
leak-proof so that if the vault or manhole should fill with water,
the water will not enter the well casing. Ideally, the manhole
cover cap should also be leak-proof..

8.9.3 Additional Protection—In areas where there is a high
probability of damaging the well (high traffic, heavy equip-
ment, poor visibility), it may be necessary to enhance the
normal protection of the monitoring well through the use of
posts, markers, signs, or other means, as described in Practice
D 5787. The level of protection should meet the damage threat
posed by the location of the well.

9. Well Development

9.1 General—Well development serves to remove fine-
grained material from the well screen and filter pack that may
otherwise interfere with water quality analyses, to restore the
formation properties disturbed during the drilling process, and
to improve the hydraulic characteristics of the filter pack and
hydraulic communication between the well and the hydrologic
unit adjacent to the well screen. Methods of well development
vary with the physical characteristics of hydrologic units in
which the monitoring well is screened and with the drilling
method used.

9.2 Development Methods and Procedures—The methods
and procedures for well development described in Guide
D 5521 should be followed to ensure a proper well completion.

9.3 Timing and Duration of Well Development—Well devel-
opment should begin either after the riser, well screen and filter
pack are installed and before the bentonite seal and grout are
installed (the preferred time), or after the monitoring well is
completely installed and the grout has cured or set. In the
former case, the installer may add filter pack material to the
borehole before the bentonite seal is installed to compensate
for settlement that typically occurs during the development
process. This allows the installer to maintain the desired
separation between the top of the screen and the bentonite seal.
In the latter case, the possibility exists that settlement of the
filter pack may result in the bentonite seal settling into the top
of the screen. Development should be continued until repre-
sentative water, free of the drilling fluids, cuttings, or other
materials introduced -or-produced-during well construction, is
obtained. Representative water is assumed to have been ob-
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tained when turbidity readings stabilize and the Wate
visually clear of suspended solids. The minimum duratigy :

completion diagram. :

9.4 Well Recovery Test—A well 1ecovery test Shouldbe

performed immediately after and in conjunction with W

lic conductivity of the screened hydrologic unit. Reagy,
should be taken at intervals suggested in Table 2 unti the 1
has recovered to 90 % of its static water level.

Note 16—If a monitoring well does not recover sufﬁciently for
sampling within a 24-hr period and the well has been properly develoM

the installation should not generally be used as a monitoring wel g 3
detecting or assessing low level organic constituents or trace metals. Ty, £

installation may, however, be used for long-term water-level monitoripg
. - -]
measurements of short-frequency water-level changes are not required,

10. Installation Survey

10.1 General—The vertical and horizontal position of each
monitoring well in the monitoring system should be surveye)

and subsequently mapped by a licensed surveyor. The wej ¥
location map should include the location of all monitoriny §

wells in the system and their respective identification number,

elevations of the top of riser position to be used as the referenc: §

point for water-level measurements, and the elevations of th
ground surface protective installations. The locations and

elevations of all permanent benchmark(s) and pertinent bound- §
ary marker(s) located on-site or used in the survey should also §

be noted on the map. :

10.2 Water-Level Measurement Reference—The water-levl
measurement reference point should be permanently marked
for example, by cutting a V-notch into the top edge of the ristt
pipe. This reference point should be surveyed in referenceto
the nearest NAVD reference point. .

103 Location Coordinates—The horizontal location of a
monitoring wells (active or decommissioned) should be su-
veyed by reference to a standardized survey grid or by meks
and bounds. :

10.4 Borehole Deviation Survey—A borehole deviation st
vey, to determine the direction and distance of the bottom of
the well relative to the top of the well and points in betweh
should be completed in wells deeper than 100 feet and in wels
installed in dipping formations.

11. Monitoring Well Network Report

11.1 TTo demonstrate that the goals set forth in the Sco*
have been met, a monitoring well network report should b
prepared. This report should:

TABLE 2 Suggested Recording Intervals for Well Recovery Tests

Time Since Starting Test Time Interval
0 to 15 min 1 min
15 to 50 min 5 min
50 to 100 min 10 min
100 to 300 min (5 h) 30 min
~300-to-1440-min-(24-h) - S—B0-min.

well development will vary with the method used to deve, pro

the well. The timing and duration of well development and g,
turbidity measurements should be recorded on the W g mo

el

wh

suc
gec

development. The well recovery test provides an indicatigy , S\

well performance and provides data for estimating the hydr,

exf
lev
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Ll Locate the area investigated in terms pertinent to the
oiect. This should include sketch maps or aerial photos on
ghich the exploratory borings, piezometers, sample areas, and
monitoring wells are located, as well as topographic items
glevant tO the determination of the various soil and rock types,
qch s contours, streambeds, etc. Where feasible, include a
'gw]ogic map and geologic cross sections of the area being
qvestigated.

11,12 Include copies of all well boring test pits and
aplorafory borehole logs, initial and post-completion” water
wels, all laboratory test results, and all well completion
{ingrams.

11.1.3 Include the well installation survey.

11.1.4 Describe and relate the findings obtained in the initial
reconnaissance and field investigation (Section 5) to the design
and installation procedures selected (Sections 7-9) and the
surveyed locations (Section 10).

11.1.5 This report should include a recommended decom-
missioning procedure that is consistent with those described in
Guide D 5299 and/or with applicable regulatory requirements.

12. Keywords

12.1 aquifer; borehole drilling; geophysical exploration;
ground water; monitoring well; site investigation
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